lethality such that the mice die within 3 weeks. The basis expressed in thymocytes in a cytokine-and T cell refor the lethality was not established, but accelerated ceptor-independent manner. SOCS1 deletion causes apoptosis of lymphocytes was described and correlated perinatal lethality with death by 2-3 weeks. During this with increased Bax expression. In the other study, lethalperiod thymic changes include a loss of cellularity and ity was speculated to be due to an increased sensitivity a switch from predominantly CD4 ؉
Results

Introduction
Thymic Expression of SOCS1 Is The SOCS family consists of relatively small proteins Developmentally Regulated with a centrally located SH2 domain and a unique car-SOCS1 transcripts are highly expressed in thymus (Figboxyl motif termed the SOCS box. The first family memure 1A), to a much lower level in spleen, and not exber was termed the cytokine-inducible SH2-containing pressed in most other tissues. To assess the regulation protein (CIS) (Yoshimura et al., 1995) . Subsequently of expression, tissues from mutant mouse strains were three groups, independently, identified the second famexamined for SOCS1 protein by immunofluorescence, ily member. One group cloned a gene encoding a JAK since levels of RNA do not take into consideration the kinase-binding protein termed JAB (Endo et al., 1997).
high rate of protein turnover (unpublished data). As illusThe same gene product was identified by a relationship trated ( Figure 1B ), SOCS1 protein is highly expressed of the SH2 domain to the SH2 domain of Stats and in normal thymocytes (ii), and this expression is in termed SSI1 (Naka et al., 1997). Lastly, it was cloned as CD4 ϩ CD8 ϩ thymocytes (data not shown). However, few a gene product that blocks IL-6-induced differentiation if any cells in normal bone marrow (i), spleen (iii), or and was termed SOCS for suppressor of cytokine signalperipheral blood (iv) expressed SOCS1 protein. Thymoing (Starr et al., 1997). Subsequently, additional family cyte expression was not affected by deficiency in the members were identified in databases of expressed se-IL-7 receptor ␣ chain (v), JAK3 (vi), or Stat5a/b (vii), quences . consistent with the lack of a role of cytokine signaling. SOCS1 protein was also present in thymocytes from RAG2-deficient mice (viii), indicating that T cell receptor # To whom correspondence should be addressed (e-mail: james.ihle@ stjude.org).
signaling is not required. Together the results suggest that SOCS1 protein expression in thymocytes is devel-SOCS1-deficient mice had dramatically reduced numbers of B cells (K) relative to wild-type animals (H). More opmentally regulated. strikingly, the peripheral splenic T cells had an activated phenotype consisting of high levels of expression of SOCS1 Deficiency Results in Alterations CD25 (data not shown) and CD44 (L) as well as high in Thymocytes and Peripheral T Cells levels of CD69, and, morphologically, the lymphocytes To assess the potential role of SOCS1 expression in the were large blasting cells (data not shown). thymus, we generated SOCS1-deficient mice. A tar-
The proliferative responses of peripheral T cells are geting construct was utilized that deleted the entire shown in Figure 2S . Splenic lymphocytes from SOCS1-SOCS1 coding sequence, resulting in mice with no dedeficient mice showed some degree of spontaneous tectable SOCS1 protein. Consistent with previous studproliferation in vitro. However, strikingly, the T cells proies (Naka et al., 1998; Starr et al., 1998), SOCS1-deficient liferated in response to IL-2 alone, and this was compamutant mice exhibited a perinatal lethality resulting in rable to the response seen to the combination of antideath by 3 weeks of age. 4B, all SOCS1-deficient mice had readily detectable levMoreover, the SOCS1-deficient mice had significant els of IFN␥ in the serum that ranged from 50-300 pg/ml. numbers of CD4 ϩ and CD8 ϩ cells in bone marrow (P) in contrast to normal littermates (M). In splenocytes,
In contrast, heterozygous littermates lacked detectable reconstituted with bone marrow from homozygously this possibility, we crossed RAG2-deficient mice with SOCS1-deficient mice. As illustrated in Figure 4A , mice SOCS1-deficient mice died progressively, concomitant with lymphoid reconstitution as indicated by PCR analyhomozygously deficient in both RAG2 and SOCS1 survive, while the presence of a functional RAG2 allele on sis ( Figure 3B ).
On examination of the reconstituted mice, the a SOCS1-deficient background results in perinatal lethality. Therefore, the ability to generate a functional changes in peripheral T cells seen in SOCS1-deficient mice were also present. In particular, mice reconstituted antigen receptor is essential for the perinatal lethality. Since T cell-derived IFN␥ could be speculated to be a with either wild-type or SOCS1-deficient bone marrow had splenic CD4 ϩ and CD8 ϩ cells ( Figure 3D ). However, critical factor in the perinatal lethality, we also derived mice deficient in both SOCS1 and IFN␥. As illustrated as illustrated in Figure 3E , the repopulating CD4 ϩ T cells from SOCS1-deficient bone marrow all expressed the in Figure 4A , these mice similarly survived long term. activation antigen, CD44. Also similar to the SOCS1-deficient mice, there were few detectable B220-positive Discussion B cells ( Figure 3C ). The general pathology observed in the mice was comparable to that seen in the SOCS1-Our results establish that the perinatal lethality associated with SOCS1 deficiency requires lymphocytes. The deficient mice (data not shown). The results demonstrate that the lethality seen in the SOCS1-deficient mice evidence is derived from both the elimination of lethality by introducing a RAG2 deficiency as well as by the can be mediated by lymphocytes on a background in which the SOCS1 gene is present in other cell types. 
